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ABSTRACT 


An experimental investigation was performed to obtain detailed 
aerodynamic heating distributions on a model of a space-shuttle delta-wing 
orbiter with twin wing-tip vertical tails. Test data were obtained for an 
angle-of-attack range of -5 to 53 , selected sideslip and control-surface 
deflection angles , a free-stream Mach number of 7.4, and free-stream 
Reynolds numbers, based on model body length, from 1 x 10 s to 7 x 10 6 . 
Results showing the effects of Reynolds number, vehicle attitude, and 
control-surface deflections on the vehicle heating are presented and 
analyzed. 
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SUMMARY 


An experimental investigation was performed to obtain detailed aero- 
dynamic heating distributions on a space shuttle delta-wing orbiter model. 

The test model, instrumented with thermocouples, was a 0.006-scale repre- 
sentation of the North American Rockwell Corporation 134B delta-wing orbiter 
with twin wing-tip vertical tails. The test program was conducted in the 
Ames 3.5-foot hypersonic wind tunnel for an angle-of-attack range of -5° 
to 53 , selected sideslip and control-surface deflection angles, a free- 
stream Mach number of 7.4, and free-stream Reynolds numbers, based on model 
body length, from 1 x 10 6 to 7 x 10 6 . 

Complete tabulated results for the test program are included and 
representative plotted results are presented and discussed to show the 
effects of Reynolds number, vehicle attitude (angle of attack and sideslip 
angle) , and control-surface deflections (elevon and rudder) on the vehicle 
heating distributions. For angles of attack from 15 to 53 , the laminar 
heating for the bottom centerline of the body forward of the wing, except 
for the nose stagnation region, were predicted well by modified swept-cylinder 
theory. Usually, the effect of increasing angle of attack was to increase the 
heating on the windward surfaces and decrease the heating on the leeward 
surfaces where flow separation occurred. On the windward surfaces of the body 
and wing , increasing Reynolds number caused increases in heating , thus indi- 
cating the possibility of boundary-layer transition and/or the effects of 
the complex flow in the wing-body shock layer. Increases in heating with 
increasing Reynolds number were also observed in regions where reattaching 
flow occurred, such as on the canopy. Increasing sideslip angle (windward) 
and deflecting control surfaces into the windward flow caused marked increases 
in heating on the body side and the control surfaces, respectively. 


INTRODUCTION 


Fully reusable two-stage space shuttle systems, to be used for trans- 
porting payloads from earth to low-earth orbit and return, are currently 
being investigated (see reference 1) . The first stage of such a shuttle 
system is a booster that will provide initial acceleration for the system, 
and the second stage is an orbiter, containing the payload, that will continue 
into orbit . Both of these stages must be capable of returning to the launch 
site - or other predetermined location - and making conventional airplane-type 
landings . 



Successful development of such a shuttle system requires the under- 
standing of problems in many technological areas. For example, configura- 
tion definition and reusability for both the booster and the orbiter are 
dependent on a complete knowledge of the aerodynamic heating of these 
vehicles for their broad range of flight conditions. In particular , this 
requires a large body of heating data to provide a data base for the develop- 
ment and/or evaluation of various techniques for predicting the aerodynamic 
heating to shuttle vehicles . 

The present experimental investigation was thus performed to obtain 
detailed aerodynamic-heating distributions on a delta-wing orbiter model 
for a range of test conditions. The test model, instrumented with thermo- 
couples, was provided by North American Rockwell Corporation (NAR) and was 
a 0.006-scale representation of the NAR 134B delta-wing orbiter with twin 
wing- tip vertical tails. The test program was conducted in the Ames 3.5- 
foot hypersonic wind tunnel for an angle-of-attack range of -5 to 53"' at 
a free-stream Mach number of 7.4 and free-stream Reynolds numbers, based on 
model body length, from 1 x 10 6 to 7 x 10 6 . Results showing the effects 
of Reynolds number, vehicle attitude (angle of attack and sideslip angle), 
and control-surface deflections (elevon and rudder) on the vehicle heating 
distributions are presented and some comparisons with theory are shown. 

Some of these test results and analyses have already been presented in 
references 2 and 3. The photographs in reference 4 showing the surface 
oil-flow patterns on the NAR 129 delta-wing orbiter, which is similar to the 
NAR 13-4B configuration, were helpful in interpreting the test results. 

The authors gratefully acknowledge the help of Harold Gorowitz and 
Patrick Carroll from North American Rockwell Corporation in the performance 
of the tunnel test program. 


NOMENCLATURE 
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specific heat of model skin material 
total enthalpy 

model reference length (body axial length) 

free-stream Mach number 

pressure 

heat-transfer rate 


heat-transfer rate at model wall 
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T 


stagnation-point heat-transfer rate for reference sphere 

local chine radius of body 
local half-width of body 

reference sphere radius, 0.183 cm (0.006 ft) for test, 
equivalent to 0.305 m (1 ft) for full-scale vehicle 

free-stream Reynolds number based on model reference 
length, L 

surface distance in cross-flow direction 

temperature 

time 

cross-flow velocity at edge of boundary layer 
body axial distance from nose 
angle of attack 
sideslip angle 

elevon deflection angle (positive with trailing edge down) 

rudder deflection angle (positive with trailing edge 
to left) 

surface emissivity 

body circumferential angle (positive measured clockwise 
from bottom centerline as viewed from rear of model) 

density of model skin material 

thickness of model skin 
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Subscripts : 
aw 
cyl 
£ 

L 

s 

si 

t 

w 


adiabatic wall 
cylinder stagnation line 
local value 

based on body axial length 
reference sphere 
symmetry or stagnation line 
free-stream total condition 
wall 

free-stream static condition 
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EXP ERIMENTAL METHOD 
Facility 


The test program was conducted in air in the Ames 3.5-foot hypersonic wind 
tunnel. This facility, described in reference 5, is a blowdown- type tunnel 
that utilizes a pebble-bed heater to heat the air and axisymmetric contoured 
nozzles to provide flow Mach numbers of 5.2, 7.4, and 10.4. The nozzle walls 
are insulated from the hot airstream by injecting helium into the nozzle 
boundary layer through annular slots upstream of the throat. The tunnel is 
equipped with a model quick- insert mechanism for quickly moving models 
into and out of the airstream. 

A high-speed analog-to-digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 thermocouples and/or other types of 
transducers in addition to 20 channels of tunnel parameters. 

Model 

The test model, provided by North American Rockwell Corporation (NAIL or 
NR), was a 0.006-scale representation of the NAR 134B delta-wing orbiter. A 
photograph of the model, and a three- view drawing of the model showing the 
principal dimensions and flow orientation are given in figures 1 and 2, 
respectively. Tabulated dimensional data, provided by NAR, for both the full- 
scale and model-scale delta-wing orb iters are given in Appendix A. 

The basic model geometry consisted of a fuselage body (B^) , a blended 

delta wing (W^) with deflectable elevens (E^) , and twin wing- tip vertical 

tails (V^) with deflectable rudders (R^) . Replaceable brackets were used to 

vary the eleven deflection angles (-7.5° , 0°, 10° and 14°) and rudder deflec- 
tion angles (0°, + 13° , and + 20°) . Both the left (+) and right (-) rudder 
deflections were only outboard. 

The model was constructed of 17-4 PH stainless steel and had the instrumented 
areas machined to a nominal skin thickness af 1 millimeter (0.040 in.). The 
actual skin thickness was measured at each instrumented location. Model instru- 
mentation consisted of 92 iron-cons tantan thermocouples (30-gage wire) spot welded 
to the inner surface of the model at the locations listed in Table I and shown 
in Figure 3. The 80 thermocouples (T/C) listed in Table II were connected to 
the data acquisition system for this test program. 

Test Conditions 

The test program which is presented in Table III was conducted at a 
free-stream Mach number of 7.4 for arrange of free-stream Reynolds numbers, bss-edg 
on model body length, between 1 x 10 and 7 x 10^. The Reynolds number of 1 x 10 
corresponds to the value for the full— ^cale vehicle near peak heating. The 
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maximum Reynolds number was limited to 4 x 10 at an angle of attack of 

53 because of strength limitations of the model. Data were obtained for 

an angle-of-attack range of -5 to 53 , with emphasis on the entry values 

of 15 , 30°, and 53°. Tests were made at a = 15° , 30° , and 53° with 

sideslip angles of 0° and -5 (instrumented lift side of model windward) 

and with selected control-surface deflections ( 6 and 6 ) as shown in ' 

e r 

Table III. The runs at a = -5° and 0 provide orbi ter-alone data as baseline 
information for the orbiter mated to a booster as a launch configuration. 

The specific test conditions , including the tunnel free-stream total 
temperature and pressure, are given for each run in Appendix B. The run 
data are given in the order of the run schedule given in Table III. 

Test Procedures and Data Reduction 

The model was mounted with a base sting at a preset attitude on the 
quick-insert mechanism. This mechanism injected the model into the air- 
stream when steady-state test conditions were established and retracted the 
model at the completion of data acquisition. The model Injection and retrac- 
tion times were each set at about 1/2 second and the time on the tunnel center- 
line was set at about 1 second. 

The model wall temperature data for each thermocouple location and 
the tunnel conditions were recorded on magnetic tape at 0.07-second intervals 
during the test duration of about 2 seconds . The resulting wall temperatures 
were differentiated with respect to time on a digital computer and the wall 
heat-transfer rate, q^ 3 was then determined by the thin-skin technique with 

the following heat-balance equation: 


. dTw 

% = pct IF 


(i) 


The data reduction program yields, for each thermocouple location, tab- 
ulated and plotted outputs of both wall temperature and heat-transfer rate 
.versus time. Heat conduction errors in the model skin at any given location 
were minimized by using the data obtained at the earliest possible time 
after the model cleared the tunnel boundary layer into the free stream* 

This minimum time was influenced primarily by the combined effects of the 
model 'material response time (about 0.1 second) and the model transit 
time (dependent on model attitude) through the tunnel boundary layer. 

As would be expected, heat-conduction effects were generally limited to 
regions with small radii of curvature where large temperature gradients 
were present, such as the fuselage nose, wing leading edges, and tail 
leading edges. 

To provide a convenient reference, the measured heating rates were 
normalized by the theoretical stagnation-point heating rate for a sphere 
(reference 6), q^, with a radius equivalent to 0 . 305-meter (1 foot) on 

the full-scale vehicle. The value of q^ for each run (Appendix B) was 

evaluated for the measured wind-tunnel test conditions. The wall temp- 
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erature used for the calculation of was that for a fuselage nose thermo- 
couple when the model reached the tunnel centerline. Therefore , the sphere 
wall temperature was generally higher than the model temperatures determined 
at the earlier times when the model heating rates were evaluated. However , 
the higher sphere temperature gave a smaller value of and thus a larger, 

or more conservative 5 value for the heating-rate ratio , q^/q g « This effect 

was usually less than 10 percent and within the experimental accuracy* The 
estimated maximum error in the heating-rate ratio , q^/q^, is + 10 percent 

for ci /q > 0.01 and + 0.002 for q /q < 0.01. 
v s “ — w s 

The calculations of both the reference sphere heating and the Reynolds 
number included the use of Keyes ? equation for viscosity (see reference 7), 
and the corrections of reference 8 for calorically imperfect , thermally 
perfect gas* 


MODIFIED SWEPT-CYLINDER THEORY 


Laminar heat- transfer data obtained on the centerline of the body 
windward surface at angle of attack are later compared with predictions 
using infinite swept- cylinder theory (references 9 and 10) modified to 
account for the difference in cross-flow velocity gradient between the 
actual body and a cylinder. 


A ratio of the heat-transfer rate for the symmetry or stagnation 
line of the windward surface at any local angle of attack to that for the 


reference sphere can be expressed by the following identity: 


q sl,a £ = 

Lyl, a £ = 90° 


q cyl> a £ 


Ll, a £ 

*s 

1 

43 * 

cn 

1 


q cyl, a £ =90° 


q cyl,a £ 


Substituting expressions from reference 9 for the first and third bracketed 
terms and from reference 10 for the second term* results in 


’si, - 

~<vv 1/2 ■ 


(sin 1 ‘ 1 a £ ) 

H -H 
aw w 


(du/ds) g i 

% 

1.4 

i 

H -H 
t w 


(du/ds) cyl 


The adiabatic wall enthalpy for the stagnation line of a swept cylinder, 
H , ^i ven by the following equation for high free-stream velocities 

(reference 9) : 


H aw = 1 - 0.15 cos^a 

H * 


( 4 ) 



8 - 


where the value of the recovery factor was taken as 0.85, The last 
bracketed term in equation (3) , the ratio of the cross-flow velocity gradient 
for the actual body to that for a cylinder of the same dimension* can be 
calculated analytically by the method of integral relations discussed in 
reference 11. However* for this study* the following simple geometric 
correlation from reference 12 was used for the velocity-gradient term: 


(du/ds) sl . „ ?45 + 157 (r/E ^) ( 5 ) 

(du/dS> cyl 27315 

where r and K are the chine radius and half-width, respectively, of the 
body. 

RESULTS MD DISCUSSION 

Complete results for the test program presented in Table III are tabulated 
in Appendix B. For each run, these results include both the wall temperature, 
T^, and the heating^rate ratio, q^/c^ , for each specified thermocouple loca- 
tion on the model , and the particular test conditions for the run. 


Representative heating-rate distributions for the body, wing, and twin 
vertical tails will be presented and discussed for the entry angle- of attack 
range from 15 to 53 . Corresponding estimates of the radiation equilibrium 
surface temperatures for the full-scale vehicle at peak heating rate along a 
typical trajectory with the vehicle at a=30 will also be given for reference . 
For this typical trajectory, q =681 KW/in (60 Btu/ft^-sec) and c=G.8« As 
previous ly mentioned, the tes t S Reynolds number of 1 x 10^ corresponds to 
the value for the full-scale vehicle near peak heating. 


Body 

Body heating data for the bottom centerline, the top centerline , the 
side (0^100°), and various cross sections are presented in figures 4 to 
6, 7, 8, and 9 ) respectively. 

Bottom centerline ,- Heating rates for the bottom centerline of the body 
at a = 15 6 $ 30°, and 53° are plotted in figure 4 for Reynolds numbers between 
1 x ICr and 7 x 10^. As previously mentioned, the maximum Reynolds number for 
a = 53° was limited to 4 x 10 . The data for the low Reynolds numbers appear 
to be laminar for all three angles of attack. However , the data for the 
higher Reynolds numbers show an increase in heating with an increase in 
Reynolds number, indicating that transition to turbulent boundary-layer flow 
occurs. These effects at the higher Reynolds number could be influenced by 
the interaction of the wing-body shock layer with the body boundary layer 
(see, e. g. , reference 13) and by the boattailing of the body surface starting 
at about x/L = 0. 8. In addition, surface roughness effects on boundary-layer 
transition must be considered (see reference 3) . Further discussion of tran- 
sition results is given later in this section. 
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At each angle of attack shown in figure 4, the laminar heating rates 
decrease with distance from the stagnation region, remain relatively constant 
over the flat portion of the body, and then decrease at x/L greater than 0*8 
where the body boattailing occurs* Predictions of the laminar heating rates 
ahead of the wing by modified swept- cylinder theory (i.e. , equations (3), 

(4), and (5)) are shown for each angle of attack. The predicted values agree 
well with the data except for the noze stagnation region ahead of x/L-0. 1. 

As would be expected, this two - d imen s i on al theory underpredicts the 
heating in the three-dimensional stagnation region of the body nose. The 
theory also underpredicts the laminar heating in the wing region of the 
body where the complex three-dimensional flow field is not adequately 
modeled by the theory. 

Figure 5 is a summary plot of figure 4 to show more clearly the 
increase in laminar heating on the bottom centerline of the body with 
increasing angle of attack. The data from figure 4 for Reynolds numbers between 
1 x lCr and 4 x Hr are plotted in figure 5 for a=15°, 30°, and 53°. 

The data are laminar except for the last body station at a=53 where , as 
previously shown in figure 4, Reynolds -number effects typical of boundary- 
layer transition occurred. 

To further illustrate the effect of angle of attack on the body boundary- 
layer transition and heating, heating rates for the bottom centerline of 
the body are plotted in figure 6 for a=15°, 20°, 25°, and 30 at a nominal 
Reynolds number of 7 x 10^ . For each angle of attack , the increase in heating 
which starts between x/L=0. 5 and 0.6 is charac teris tic of the beginning 
of boundary-layer transition. The combination of angle of attack and body 
boattail, starting at about x/L=0.8, have a pronounced effect on the bound- 
ary-layer transition . The heating data for all x/L locations indicate an 
orderly trend of increased heating with increased angle of attack, except 
for x/L greater than 0. 6 at a=25° . The anomaly at a=25 is not fully 
understood. 

Reference 3 includes further discussion of the transition results 
from this study and their comparison with various transition criteria 
proposed for space shuttle design. 

Top Centerline Previous tests (see ref. 4) indicate that complex 
three dimensional flow fields , containing separation regions and vorticies , 
occur over the leeward surfaces of the vehicle at angle of attack. These 
flow fields which are particularly sensitive to angle of attack and 
Reynolds number, can induce -significant effects on leeward heating, as the 
following data will indicate. 

The effects of angle of attack and Reynolds number on leeward heating 
for the top centerline of the body are shown in figure 7. Of particular 
interest are the relatively high heating (q^/q^ % . 04) near the nose for 
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ot = 15° s the relatively large increases in heating at the canopy for 
a = 15 and 30 , the minimal increase in canopy heating for a= 53' s and 
the overall effect of Reynolds number variation on the top-centerline 
heating. At a= 15° , the highest heating in the nose region occurs at the 
lowest Reynolds number probably because an increase in Reynolds number 
enables the flow to expand further around the nose before it separates , 

The increases in canopy heating at a = 15 and 30 are caused by the sep- 
aration vorticies impinging on the canopy , while the minimal increase 
in canopy heating at a = 53 is probably caused by flow separation* The 
increases in the magnitude of the heating with increasing Reynolds number 
occur in regions of vortex impingement . This occurs at the canopy and^ 
behind it for a = 15 , in the nose region and at the canopy for a - 30^ * 

and in the nose region for a = 53 . Thus the vortex influence on heating 

decreases with increasing angle of attack. For a = 30 and 53 , the 
heating is low behind the canopy, where the flow is separated, and no 
substantial changes occur with increasing Reynolds number . However , 
there are some indications , particularly at a=53 , of decreases in heating 
with increasing Reynolds number. 

Side (0 ^ 100°),- The effect of sideslip angle, g , on the body side 

heating for a = 15°, 30° , and 53° is shown in figure 8 for nominal Reynolds 
numbers of 1 x 10® and 4 x 10^. Heating-rate data for the thermocouples 
located along the left side (windward for g --5 ) at a body circumferential 
angle, 0, of approximately 100 (see table I and fig. 3) are plotted 
verses x/L. There is a significant increase in the side heating for 
the sideslip increase from 0 to 5 , except for the region above the wing 
at a = 53° which, as shown in reference 4 , is in separated flow. For the 

given test conditions , the effects of changes in angle of attack on the 

side heating forward of the wing, where the flow is attached , are insig- 
nificant for both g = 0 and-5 . However , the side heating above the 

o o 

wing decreases with increasing angle of attack for both g = 0 and -5 
because the side at this station is shielded more from the flow by the 
wing at higher angles of attack. Also, there are no significant effects 
of Reynolds number on the side heating, except for above the wing at 
a = 15° and 30°. At a = 15° and 30°, the flow separates on top of the 
wing and impinges along the body side (see ref. 4) . With increasing side- 
slip , the extent of the flow impingement along the side increases and the 
side heating increases with increasing Reynolds number. 

Cross sections . - Heating distributions for body cross sections at 
x/L=0.2, CL4, and 0.6 are plotted in figure 9 for g = 0 and a = 15 , 

30° and 53° at a nominal Reynolds number of 1 x 10 . The data are plotted 
versus 0 around the body from the bottom centerline (0 = 0 ) to the top 
centerline (0 = 180 ) . Two of the cross sections (at x/L = 0.2 and 0.4) 
are forward of the wing, while the third one (at x/L = 0.6) is just aft 
of the wing-body j uncture . The differences between the high heating rates 
for the windward surface and the relatively low heating rates for the side 
and leeward surfaces are evident from this figure. Also apparent at 
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x/L = 0.6 is the chine heating which is significantly higher than the 
corresponding bottom-centerline heating. As was also shown in figure 8, 
the side heating (0% 100 ) forward of the wing (x/L = 0,2 and 0*4) is 
relatively unaffected by angle-of-attack changes, while above the wing 
(x/L = 0.6) it decreases with increasing angle of attack. In addition, 
at a = 15 , the bottom-centerline and side heating rates have comparable 
magnitudes . 


Wing 

Wing heating data for the bottom and top surfaces are presented 
in figures 10 to 14 and 15 to 17, respectively. 

Bottom surface .- Chordwise heating distributions on the wing bottom 
surface for a = 15 , 30 , and 53 are given in figures 10, 11, and 12; 
respectively , for three semispan locations. The heating Is highest 
over the leading-edge region of the wing, except for the areas with 
apparent Reynolds number effects at a - 15° and 53 . At these two 
angles- of attack, there are areas where the heating increases with 
increasing Reynolds number, thus indicating the possibility of boundary- 
layer transition and/or the effects of the complex flow over the wing 
with wing-body shock interactions. Reynolds-number effects on the 
heating were also apparent on the body centerline at these two angles 
of attack. At a = 30 , the effect of Reynolds-number variation on the 
heating- rate ratios is negligible, indicating that the flow was prob- 
ably laminar. However, it was previously shown that at the highest 
Reynolds number, 7.24 x 10 , boundary-layer transition occurred on the 
body centerline for this angle of attack. Therefore, at this angle of 
attack, boundary-layer transition apparently did not occur uniformly 
across the bottom surface. For all three angles of attack, the laminar 
heating rates for 40-percent chord and aft have about the same magnitude 
as those along the body centerline in the wing region from x/L = 0,5 to 
1 . 0 . 


Spanwise heating distributigns on the wing bottom surface for a 
nominal Reynolds number of 1 x 10 are given in figure 13 for a = 15 , 
30 , and 53 . The high levels and significant spanwise variations of 
the wing heating in the leading-edge region are quite apparent. These 
give some indications of the complex flow over the -wing. Additional 
measurements would be required to show the detailed spanwise variations 
in the heating for various chord locations. As was also shown, in 
figures 10 to 12, the heating levels for 40 and 80 percent chord have 
about the same magnitude as those along the body centerline in the wing 
region. 

The effects of eleven deflections on the wing bottom-surface 
heating are shown In figure 14 for a = 15° and 30 . Deflecting the 
elevens into the flow causes marked increases in the heating on the 
elevens. The laminar and turbulent estimates of the elevon heating 
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rate for fully-attached flows assuming wedge properties at the boundary- 
layer edge are also presented in figure 14. The wedge angle was taken 
as the inclination angle of the local surface relative to the free- 
stream direction, and for the turbulent estimates , the flow was assumed 
to be turbulent from the wing leading edge. At a = 15° and for no 
elevon^def lection s the heating data at the highest Reynolds number, 

6 x 10 , suggest that the flow becomes turbulent ahead of the eleven. 
Additional evidence of this is the absence of a separation region 
ahead of the deflected elevon for the oil-flow patterns of reference 4 
at this high Reynolds number. For both a =15 and 30 s the data for 
the deflected elevons at the lower Reynolds numbers lie above the 
attached laminar estimates and can, with increasing Reynolds number , 
approach or exceed the estimated turbulent levels , even though the 
data for the undeflected elevons are not turbulent . These effects .are 
probably caused by flow separation ahead of the deflected elevon with 
reattachment near the measurement station and/or by streamwise vorticies 
on the wing surface (see ref. 4). 

Top surfaces. - Chordwise heating distirbutions on the wing top 
surface for a = 15 , 30 , and 53 are given in figures 15, 16, and 17; 
respectively, for four semisgan locations. For the three inboard 
semispan locations at a = 15 and 30 , the heating is highest over the 
leading-edge region of the' wing where, as shown in reference 4, the 
flow is attached. The heating rates decrease further back on the wing 
where the flow is separated. The large fluctuations in heating at the 
outboard semispan location are probably caused by flow interference 
from the wing- tip vertical tail. The separation line on top of the 
wing moves toward the leading edge with increasing angle of attack 
until the flow separates at the leading edge (see ref. 4). At a = 53 , 
the relatively low heating levels for the top of the wing suggest that 
the flow separated at the leading edge. The high heating for the two 
inboard semispan locations at high Reynolds number might be caused by 
viscous interactions along the wing-body juncture (see ref. 13). At 
this high angle of attack, interference effects from the vertical 
tails on the wing heating are minimal compared to those at the lower 
angles of attack. The complex flow fields over the wing are not fully 
understood and require more study. 

Twin vertical tails . - The heating data obtained for the twin 
vertical tails was limited because only five thermocouples were avail- 
able. One result that is presented here is the effect of rudder deflec- 
tion on the rudder heating. Heating data for the outboard surface of 
the rudder at 70 percent exposed height of the vertical tail are plotted 
in figure 18 for a = 15 and 30 . The given location on the rudder is 
above the rudder hinge line on the vertical tail (see table I and fig. 3 
(c)). Deflecting the rudder outboard into the flow increases the heating 
on the rudder surface. However, for the given rudder location and test 
conditions, there is no significant effect of Reynolds number variation 
on the rudder heating with or without rudder deflections. 
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CONCLUDING REMARKS 


Aerodynamic heating distributions on a space shuttle delta-wing 
orbiter model were obtained for various angles of attack^and Reynolds 
numbers at a free-stream Mach number of 7*4. For a = 15° to 53 * the 
laminar heating for the bottom centerline of the body forward of the wing, 
except for the nose stagnation region* were predicted well by modified 
swept-cylinder theory* Usually* the effect of increasing angle of 
attack was to increase the heating on the windward surfaces and decrease 
the heating on the leeward surfaces where flow separation occurred* On 
the windward surfaces of the body and wing* increasing Reynolds number 
caused increases in heating on the aft portions of these surfaces* an 
effect which is believed to indicate boundary-layer transition from 
laminar to turbulent flow* At some locations on the windward surface 
of the wings* however* complications of wing-body interference effects 
apparently also caused the heating to increase with increasing Reynolds 
number* Similar trends were observed in regions where reattaching flow 
occurred* such as on the canopy. Increasing sideslip angle (windward) 
and deflecting control surfaces (elevon and rudder) caused marked In- 
creases in heating on the body side and the control surfaces* respectively* 
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APPENDIX A 

NAP 134B DELTA-WING OKBITER 
DIMENSIONAL DATA 
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TABLE A-I. - BODY FOR DELTA-WING ORBITER 
MODEL COMPONENT : BODY * B 5 

GENEPAL DESCRIPTION: Basic delta wing fuselage as per NR lines drawing 

9992-1343. 


Model Scale = 0.006 


DRAWING NUMBER: 


9992 -134b, S-904-4, -7 


DIMEN SIONS : ( in .) 


FULL-SCALE 


MODEL SCALE 


Length 
Max. V!idth 
Max. Depth 

( 'ly Fineness Ratio 

Area : ft 2 

Max. Cross-Sectional 

Planform 

Wetted 


2120.00 


465-00 


274.00 

5.906 


12.720 

2.790 

1.644 

5-906 


702.75 

DM 


DM 


0-0253 

DM 

DM 


DM 


DM 


Base 



TABLE A-II. - WING FOR DELTA- WING GRBITER 


MODEL COMPONENT : Wing VJI5 


GENERAL DESCRIPTION: 


5: sic delta wing defined, by HR lines drawing 


9992-1 3>fB. 


Model Scale = 0.006 


DRAWING NUMBER: 


9995-I3LB; 3-904-3, -9, -10,-11 ,-12 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 


TOTAL DATA 


Area, ft 2 

Planfonn 5740. 

Wetted 

Span (equivalent), in. 101)4.00 

Aspect Ratio 1 . 420 

Rate of Taper 1.719 

Taper Ratio 0.215 

Diehedral Angle, degrees 7.0 

Incidence Angle, degrees 0.0 

Aerodynamic Twist, degrees (ALput T.E.) -5.0 

Incidence, Root (B.P. 240.00) 0.0 


0.2056 


JT420 
L719 
0.233 
/ . 

0,0 

-5.0 

0.0 


Incidence, Tip (B.P. 542.00) 
Sweep Back Angles, degrees • 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: in. 

Root (Wing Sta. 0.0) 

Tip, (equivalent) (w.S. 546.07) 
MAC (w.S. 217 . 00 ) 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 

Root (tf.S. 241.30) 

Tip (W.S. 546.06) 

EXPOSED DATA 


-'S.o 


* 5.0 


6o.o 

0.0 

52.20 

1251.77 

295.00 

853.72 

1 475.97" 
45.9-Q. 


215.38 


6 0.0 

'0.0 

52.20 

7.591 
1.758 
5 . 1 52 

_8.856 u 

0 . 27 5 .- 


1 .292 


JIAOA 0009-64 
NACA 0012-64 


Area, ft 2 

Span , (equivalent) , in. 

Aspect Ratio 
Taper Ratio 
Chords: in. 

Root (Wing Sta. 257-27) 

Tip (W.S. 546.07) 

MAC (W.S. 367-21) 

Fus . Sta. of .25 MAC 
W.P. of .25 MAC 
■ B.L. of .25 MAC 

Leading Edge Cuff 

Planforn Area, ft 2 

L.E. Intersect* Fus . ML at Sta. , in. 

L.E. Intersects Wing ML at Sta. , in. 


2377.19 
615.00 ' 
1 .090 
0.356 


825.87 
20 5. PC 
600.49 

364 A z 


71-44 
WJ7ZZ 
1407. 8 \ 


0. 03553 
5 . 673 

1. C90 
0.556 


4,°W3- 


JL-15S. 



2.187 


0.002572 

JTWo 

~ 8.4 47 
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TABLE A-HL- E LEVON FOR DELTA- WING ORBITER 
MODEL COMPONENT: Elevon - E $ 

GENERAL DESCRIPTION: Elevon used on W 15 of delta wing o rbiter as per 

HR 9992 -134b lines drawing. 



MODEL SCALE » 0.006 


DRAWING NUMBER: 9992-134B; 8-904-11, -12 


DIMENSIONS: - FULL-SCALE 

Area, ft^ ^32 . 22 

Span (equivalent), in. 308.35 

Inb'd equivalent chord. i n . 251 . 57 

(w.S. 218 . 72 ) 

Outb'd equivalent chord, in. 152 . 13 

(w.s. 527.07) 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 0M>1 

Sweep Back Angles, degrees 

Leading Edge 17.874 

Tailing Edge 0>0 

Hingeline 17»87^ 


Area Moment (Normal to hinge line), ft3 7604.889 


MODEL SCALE 
0.01556 
1.850 
1.509 
0.913 


0.294 

0.467 


17.874 

0.0 

17.874 

0.00162 


O 
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TABLE A-IV. - VERTICAL TAIL FOR DELTA-WING ORBITER 
MODEL COMPONENT: Vertical Tail - VI 5 



GENERAL DESCRIPTION: Twin vertical tail panels of delta wing < rbiter. The 

panels are attached to wing Wig. Basic geometry is defined bp NR lines 


drawing 999 

w ^ 0 s ’ 

i 2 - 1 34B. 



MODEL SCALE 

* 0.006 





DRAWING NUMBER: 


9992-1 T4B; 3-904-21, -25 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 


TOTAL DATA (D ate for 1 of 2 sides 

in vertical tail reference 

Area , ft 2 
Planform 
Wetted 

Span (equivalent), in. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle, degrees 
Cant Angle , (Top Outb * d) , degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : in. 

Root (W.P. 77.23) 

Tip, (equivalent)(W.P. 362 . 30 ) 

MAC (W.P. 188.12) 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 


plane) 

423.01 
303. 23~ 

1 . 509 
0.633 
0.200 


0.01523 

1.619 
1 . 509 
0.363 
0.20C 


-1.317 

20.000 


-1.317 

20.000 


38.909 

-4.700 

30.252 


33.909 

-4.700 

30.252 


334. 70- 
67.09 
230.60 
1999.21 
133.12 
582.36 


2.008 

0.403 

him 

JU*225. 

1 . 129 . 

3.497 


NACA 0012-64 
NACA 0012-64 


Area 

Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


O 
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TABLE A-V.- RUDDER FOR DELTA- WING ORBITER 
MODEL COMPONENT: Rudder p . 5 


GENERAL DESCRIPTION: 


Rudder used on VIS of delta wins orbiter as per 


S3 9992 - 1 34B lines drawing. 


f f 


o 


Model Scale » 0*006 



DRAWING NUMBER: 9992 - 134 B: 3.90 

]. oi or; 


DIMENSIONS : CData for 1 of 2 sides) 

FULL-SCALE 

MODEL SCALE 

Area , ft 

292.34 

0.01052 

Span (equivalent^ in. 

292.44 

1 .755 

Inb'd equivalent chord, in. 

137.03 

0.322 

(W.P. 87-37) 

Outb'd equivalent chord 

67.09 

0.402 

(W.P. 362 . 30 ) 

Ratio movable surface chord/ 



total surface chord 

At Inb'd equiv. chord, 

0.421 

0.421 

At Outb'd equiv. chord, 

1.000 

1.000 

Sweep Back Angles, degrees 

Leading Edge 


- 

Tailing Edge 


- 

Hingeline 

-19.701 

-19.701 

Area Moment (Normal to hinge line) 

4006.157 

0.0005653 

Hingeline Passes Through 

Fus. Sta., in. 

2046.89 

12.231 

B.P., in. 

542.00 

3.2S2 

W.P., in. 

79-60 

0.478 

and 

Fus® Sta® ? In® 

1955.63 

1 1 * Q1 k 

B.P., in. 

.602.06 

3.612 

W.P., in. 

239.33 

1.439 
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APPENDIX B 

TABULATED HEAT TRANSFER DATA 

NAR 134B Delta-Wing Orbiter 
NASA-Ames 3.5-ft. HWT 
Test 106 Runs 1-16, 18-26, 54-60, and 66 
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ADDITIONAL NOMENCLATURE FOR APPENDIX B 

CHANNEL 

recording-system channel 

MACH 

free-stream Mach number 

PT 

free-stream total pressure, psia 

QS 

stagnation-point heat- transfer rate for reference 
sphere, Btu/ f t^-sec 

QW 

heat-transfer rate at model wall for given T/C 
location , Btu/f t^-sec 

QW/QS 

heating-rate ratio 

REL 

free-stream Reynolds number based on model reference 
length 

REYN /FT 

free-stream Reynolds number per foot 

RSPH 

reference sphere radius, 0.183 cm ( 0.006 ft) for test, 
equivalent to 0.305 m (1 ft) for full-scale vehicle 

T/C 

thermocouple number 

TEMP 

o 

model wall temperature at given T/C location, R 

TT 

TWSPH 

o 

free-stream total temperature, R 

o 

reference sphere wall temperature, R 


TWSPH 
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a = 0° P * 0° 6 e = 0 ° s r » 0° TEST NO© 10b RUN NO ., 54 


MACH 


REYN/FT 

REL 

QS 


TWSPH 

PT TT RSPH1FT ) 

7 a 40 


6.36E 05 

6. TOE. ..05 

41.03 


55 8© 

15 7® 1513. C© 006 

CHANNEL 

T/C 

TEMP 

QW/QS 

CHANNEL 

T/C 

TEMP 

QW/CS 

1 

L_ 

578®. 

a®7 72 _ 

41 ... 

50 

545® 

0*DG8 

2 

2 

568a 

0.354 

42 

51 

549 . 

0 .038 

3 

3 

561. 

Oo 191 

43 

52 

548. 

0 .024 

4 - 

4 

— 5-5-4®-- 

0.087 

44 

S3 

545® 

OoOll 

5 

5 

5 5 9® 

0.127 

45 

54 

545© 

0 © 006 

6 

6 

552. 

0.088 

46 

55 

544. 

0.002 

7 

y 

54 89 


47 

56 



8 

8 

549. 

0.040 

48 

51 

546o 

Oo 0 15 

9 

9 

- 

- 

49 

58 

545® 

0, 0C8 

1C 

10 

54 7# 

0 • 008 

50 

59 

544® 

0 ^004 

u 

ii 

548© 

Oo 026 

51 

60 

567. 

0.286 

12 

12 

549. 

0.036 

52 

62 

546© 

0©026 

13 

-JJL. 

‘.551 „ 

0.082 

sa ® 

63 

545© 

0^ n 13 

14 

14 

557 . 

0.301 

54 

64 

549 . 

0.003 

15 

16 

552. 

0o055 

55 

65 

544 . 

0.003 

. 16 

17 

5 50# 

0® 0 52 

56 

66 

551© 

0©Q63 

17 

18 

547. 

0.005 

51 

67 

548© 

Oo 041 

18 

19 

548. 

0.020 

58 

68 

547. 

0.023 

— — T9 — — ._ 

20 

„ — 5 5Q# 

Q»046 - 

S9 _ 

AQ 

~544® 

0 pQQg 

20 

21 

548# 

OoOlO 

60 

70 

562o 

Oo 182 

21 

23 

546® 

0.004 

61 

72 

550© 

0o075 

22 

24 

547® 

0.016 

6 2 

73 

546. 

0.030 

23 

26 

547© 

Os 005 

63 

74 

545. 

0 .018 

24 

28 

546. 

0© 005 

64 

75 

545o 

0©0 

_ 25 

_32_ 

5.46-®~ 

£UQ06 

65 

lb 

551 © 

0® 076 

26 

33 

548. 

0.055 

6 6 

11 

55C . 

0.070 

27 

34 

546. 

O 0 OI 6 

67 

78 

552. 

0.088 

28 

35 

...... 5.4 6# 

0© 007 

68 

7 9 

550® 

0-0 54 

29 

36 

546. 

0.013 

69 

80 

547© 

0© 040 

30 

37 

545. 

0.006 

70 

81 

546. 

0.028 

31 _ 

38 

,. 546. 

0.Q17 

71 

82 

568. 

0 . 1 69 

32 

41 

545. 

0© 006 

72 

84 

5 53 a 

0«083 

33 

42 

545. 

0.009 

73 

85 

548® 

0© 048 

34 

43 

545. 

0.0 15 

7.4 

8.6 

5.45. 

0.023 

35 

44 

545® 

0© 005 

75 

87 

545. 

0 .008 

36 

45 

546. 

0*016 

76 

88 

560© 

0© 165 


46 

545 . 

0.004 

77 

89 

5 48© 

0.055 



38 

47 

544 * 

0.001 

78 

90 

546. 

0.035 

39 

48 

545. 

0© 003 

19 

91 

5 66 . 

0.2 50 

40 

49 

544a 

Oo 002 

80 

92 

54.7 s 

Co 0 38 
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TEST NO. 


106 



0 ° 



RUN NOo 


MACH REYN/FT REL QS TWSPH PT TT RSPH(FT) 

7.40 3.66E 06 3. 38E 06 105.92 605. 978. 1586® 0o006 


CHANNEL 

T/C 

TEMP 

QW/QS 

CHANNEL 

T/C 

TEMP 

QV./GS 

1 . 

- 1 

60 5 .* 

r * ft79 

. 41 

5Q 

544. 

Q®003 

2 

2 



42 

51 



3 

3 

- 

- 

43 

52 

545. 

0.004 

4 

4 -- 

586. 

Oo 193 

44 

53 

544© 

0©002 

5 

5 

550. 

0.041 

45 

54 

544* 

0.002 

6 

6 

- 

- 

46 

55 

543. 

0.0 

7... . 

7 

SSQ e 

0. 0 76 _ 

_ 41_ __ 

5l6 

_ 547® 

Q ® Q09 ................. 

8 

8 

544. 

Oo 0 3 5 

48 

57 

5 44© 

0.002 

9 

9 

540. 

0.007 

49 

58 

544. 

0.001 

10 

10. 

547. 

0.035 

50 

59 

543 a. 

0,001 

11 

11 

544. 

0.026 

51 

60 

584. 

0 . 334 

12 

12 

5 4 1 © 

0.005 

52 

62 

553. 

0 © 060 

13 „ 

.13 

£ 42 + 

_ 0*009 

5.3 

63 

550© 

0*040 

14 

14 

546. 

0.035 

54 

64 

547 ® 

0 ®026 

15 

16 

543. 

0.012 

55 

65 

546. 

C .018 

16 

17 

544. 

0*020 

5.6........ 

66 

550. 

0*026 

17 

18 

544. 

0.024 

57 

67 

547. 

0.015 

18 

19 

544. 

0.022 

58 

68 

545. 

0.008 

IQ 

20 

.. 543a 

0. Q IQ 

59 

69 

5.43* 

0*002 .... 

20 

21 

544© 

0.009 

6C 

70 

5 85a 

0. 154 

21 

23 

544 0 

0.024 

61 

72 

565. 

0.094 

22 

24 

543® 

0.019 

62 

73 

551. 

0 .052 

23 

26 

545. 

Go 010 

63 

74 

549. 

0.029 

24 

28 

545. 

0.023 

64 

75 

546. 

0.015 

2.5 

3? 

545* 

0.026 

6 5 

16 

569* 

.0*113. 

26 

33 

559. 

0.101 

66 

77 

568. 

0.109 

27 

34 

544 . 

0.017 

67 

78 

575. 

0.126 

2 8 

3 5 

543® 

0.00 1 

6 8 

79 

549. 

0*024 

29 

36 

545. 

0.011 

69 

80 

552© 

0.030 

30 

37 

546. 

0,023 

70 

81 

545® 

0.011 

31 

3 8 

55Q&. 

0.045 

11 

82 

601 » ... 

0*185 

32 

41 

547. 

0.020 

72 

84 

580. 

0.119 

33 

42 

548. 

0.025 

73 

85 

560. 

0.079 

34 

43 

545. 

0.009 

74 

86 

5.5Q • 

0.040 

35 

44 

544. 

0.002 

7 5 

87 

546. 

0.013 

36 

45 

546. 

0.009 

76 

88 

575. 

0.136 

..... 31 

. 46 

545* 

... . Oft Q 12 

11 

_ a.s_ 

.5 4.5 a 

JI*015 


38 47 544, 0.013 78 90 551® 0.042 

39 48 544. 0.005 79 91 556. 0.176 

40 49 546. 0.007 8C 92 552. 0.039 
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TEST NO. 

106 RUN NO* 18 

MACH 


REYN/FT 

REL 

QS 


TWSPH PT 

TT RSPH(FT) 

7.40 


5.86E 0.6 

6.21E 06 

115.05 


622. 1436 

. 1507. 0.006 

CHAN.NEL 

T/C 

TEMP 

QW/QS 

CHANNEL 

T/C 

TEMP 

UW/CS 

1 

1 

... , 616. 

_ 0.9 22 

41 , 

BQ 

553® 

0*003 

2 

2 



42 

51 

555. 

0.010 

3 

3 

- 

- 

43 

52 

554. 

0.004 

4 

4 

601. 

0.198 

44 

53 

552. 

0.002 

5 

5 

563. 

0.038 

45 

54 

553® 

0.002 

6 

6 

- 

- 

46 

55 

552. 

0.0 

7 _ 

7_ 

S62* 

0.H7Q 

47 

56, 

555,* 

0*009 

8 

8 

556. 

0.035 

48 

57 

553. 

0.003 

9 

9 

552. 

0.006 

49 

58 

552. 

0.002 

10 

10 

559 @ 

0*035 

6Q 

59 

552# 

Q#Q01 

ii 

ii 

555. 

0.026 

51 

60 

597. 

0.354 

12 

12 

553. 

0.008 

52 

62 

565. 

0.071 

,, 13 ... 

- 

S54 e 

, Qq 008 - - 

,5.3 

.63 - 

567® 

0.076 

14 

14 

561. 

0.046 

54 

64 

565. 

0.082 

15 

16 

555. 

0.011 

55 

65 

563. 

0.050 

16 

17 

556® 

0.023 

56 

66 

560. 

0.027 

17 

18 

5 5 6. 

0.022 

57 

67 

557. 

0.016 

18 

19 

555. 

0.023 

58 

68 

555. 

0.008 

. 19 . 

20 

... 555. 

0.01,1 _ 

_ 59 

69 

55?. 

o .no? 

20 

21 

555. 

0.010 

60 

70 

598. 

0.175 

21 

23 

555. 

0.017 

61 

72 

578. 

0.099 

. 22 

24 

554. 

0.020 

62 

73 

563. 

0.049 

23 

26 

556. 

0.014 

63 

74 

560. 

0.031 

24 

28 

5 55. 

0.015 

64 

75 

564. 

0.046 

25 _ 

3? 

, , 5.54®. 

0.019 

„ j65 . 

7 6 

5R?. 

o.i ?n 

26 

33 

571. 

0.108 

66 

77 

581. 

0.115 

27 

34 

554. 

0.018 

67 

78 

589. 

0.130 

28 

35 

552. 

OoOOl 

68 

79 

5.60, 

0.023 

29 

36 

555. 

G©G 12 

69 

80 

563. 

0.031 

30 

37 

- 

- 

70 

81 

554. 

0.007 

31 

38 

561 . 

0..046 „ 

71 

82 

61 8 * 

0.197 

32 

41 

56 9® 

0. 107 

72 

84 

597. 

0.126 

33 

42 

559. 

0.028 

73 

85 

576. 

0.092 

34.. 

.43.. 

554. 

Q.01Q 

74 

86. 

5.66® 

0.067 

.35 

44 

553. 

0.003 

7 5 

87 

562. 

0.039 

36 

45 

555. 

0.009 

76 

88 

587. 

0.134 

3.7 

46 

560* 

0*051 

77 

Ji9 .. 

,555# 

,,0.015 . 


47 554® 0*017 78 90 563® 0.042 

48 558. 0.024 79 91 598. 0.179 

49 559. 0.025 80 92 565. 0.041 


38 

39 

40 
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MACH REYN/FT REL 

7, 40 8, 04E 0 5 8o 50E 05 


RUN. NO, 16 

QS TWSPH PT TT RSPH( FT I 

56® 68 582® 232® 1655® 0.006 


CHANNEL 

T/C 

TEMP 

gw/qs 

CHANNEL 

T/C 

TEMP 

QW/GS 

1 . - - - - 

... 1 

... saae 

0® 912 ~ 

.... .. 41. 

50 

558© 

0 ©003 

2 

2 



42 

51 

558, 

0,012 

3 

3 

- 

- 

43 

52 

557, 

0,006 

■■■ 4 - 

4 

572® 

0.187 

44 

53 

557® 

0.002 

5 

5 

559, 

0.041 

45 

54 

557® 

0 ©001 

6 

6 

- 

- 

46 

55 

556, 

0©0 

7 . 

7 

5.57 ^ 

Q© Q 7 3 

... . 47 

56 - 

558© 

0*011 

8 

8 

555, 

0.032 

48 

57 

557. 

0,004 

9 

9 

554. 

0.008 

49 

58 

557. 

0,002 

10 

10 

557, 

0.037 

50 

59 

556© 

0.0 

11 

11 

555, 

0,025 

51 

60 

511 o 

0 ® 344 

12 

12 

554. 

G © 003 

52 

62 

560, 

0 © 063 

13 

1J 

554^ 

0^006 

.53 

63. 

.5 58© 

.... Q..©036 

14 

14 

556, 

0,022 

54 

64 

557. 

0 .023 

15 

16 

555, 

0,006 

55 

65 

560® 

0,057 

16 

17 

5 55© 

0© 0 14 

56 

66 

560© 

0 © 025 

17 

18 

556. 

0.023 

57 

67 

558. 

0.013 

18 

19 

556. 

0,022 

58 

68 

558. 

0 .006 

19L . 

?n 

. 556© 

._. 0© 007 

_ 59 

69- 



20 

21 

556© 

0.006 

60 

70 

585, 

0, 163 

21 

23 

556© 

0.019 

61 

72 

566. 

0.085 

22 

24 

55 6® 

0,019 

6.2 

73 

560® 

0.052 

23 

26 

557. 

0.003 

63 

74 

559, 

0,033 

24 

28 

556. 

0.016 

64 

75 

561. 

0.051 

25 

12 

557. 

0.017 

65..... 

76 

5L6.6.®. 

CL® 105 

26 

33 

562, 

Co 100 

66 

77 

565, 

0,101 

27 

34 

557. 

0.016 

67 

78 

570, 

0,124 

28 

35 

5 57® 

0.001 

68 

79 

558® 

. 0 .019 

29 

36 

5 57, 

0,007 

69 

80 

557® 

0.010 

30 

37 . 

557 a 

0,017 

70 

81 

556® 

0,002 

31 __ 

3JBL 

„ 559. 

_ Q a Q4 4 

IX 

.82 

2-1..ISjsl 

Hal 9.7 

32 

41 

557. 

0.015 

72 

84 

570. 

0.117 

33 

42 

558. 

0,025 

73 

85 

562, 

0.076 

34 

...4.3 

557. 

0,006 

74 

86 

559a 

0,038 

35 

44 

5 57. 

0.001 

75 

87 

560® 

0,050 

36 

45 

558. 

0.007 

76 

88 

568 . 

0.130 

37 

46 

5.5 la 

OeQoa 

XI... 

39 

. 556* 

_ Q.®.0.X6 _ 

38 

4? 

556. 

0,011 

78 

90 

555® 

0,006 

39 

48 

557. 

0.006 

79 

91 

579© 

0,230 

40 

49 

558, 

0,006 

8C 

92 

..565.# 

0,090 



a = 15° p « 0 ° 


+14° 8 r - ±20° 


TEST NO 


20 



O 106 RIJN NO. 


MACH REYN/FT REL QS TWSPH PT TT RSPH(FT) 

7© 40 3, 75E 06 3,98E 06 99 0 68 606® 958© 1544. 0.006 


CHANNEL 

T/C 

TEMP 

QW/QS 

CHANNEL 

T/C 

TEMP 

QW/QS 



. _ x_ 


.. _ Q© 877 

41 

50 

558* 

0^002 

2 

2 



42 

51 



3 

3 


- 

43 

52 

558. 

0 @ 0 04 

4 

4 

5 90® 

0,191 

44 

53 

557. 

0.002 

5 

5 

563 ® 

0 @ 0 3 8 

45 

54 

557© 

0® 002 

6 

6 

- 

- 

46 

55 

556© 

0.0 

7 

i. _ 

... 563* 

.... 0*073 .... 

47„ 

56 

559© 

0 * Q09 

8 

8 

5 59© 

0 9 033 

48 

57 

558a 

0,003 

9 

9 

5 56® 

0.007 

49 

58 

557 o 

OoOOl 

10 

10 

561. 

0 .034 

50 

59 

556. 

0 @ 0 0 1 

11 

11 

5 5 8© 

0 © 0 2 4 

51 

60 

599. 

0.343 

12 

12 

556© 

Oo 004 

52 

62 

565® 

0,062 

IJ 

4,31 

557® 

Q a QQ8 _ 

51 

63 


0-039 

14 

14 

561 . 

0.035 

54 

64 

561. 

0.033 

15 

16 

558© 

0,010 

55 

65 

576. 

0.105 

1 6 

17 

559© 

0^020 

56 

66 

562® 

0^0 26 

17 

18 

559© 

0.021 

57 

67 

560© 

0,014 

18 

19 

559. 

0.022 

58 

68 

55 9® 

0.007 

1 Q 

^zx, 1~ 

5 57® 

. 0^009 

. 59 

A Q 


- - - Oo 001 

20 

21 

558© 

0,009 

60 

70 

612a 

0, 165 

21 

23 

559. 

0.016 

61 

72 

574, 

0,090 

22 

24 

558. 

0.018 

62 

73 

564. 

0 .054 

23 

26 

558© 

Oo 009 

63 

74 

561. 

0.030 

24 

28 

559, 

0,014 

64 

75 

5 8C, 

0,133 

25 

12 

559. 

0.0)7 

65 

76 

5 77 a 

Qa 113 

26 

33 

571 . 

0.105 

66 

77 

577. 

C.104 

27 

34 

559© 

Co 0 1 7 

67 

78 

582. 

0.125 

28 

35 

557® 

Os 00 1 

68 

79 

562 a 

0 ® Q 2 1 

29 

36 

559, 

0.011 

69 

80 

564, 

0,025 

30 

37 

560. 

0.016 

70 

81 

5 57. 

0 .002 

J3LL 

.38 

564© 

0,04 5 

1.1 

82 

5 9f! ,, 

0 . 1 9R 

32 

41 

561 © 

0,019 

72 

84 

586 ® 

0 © 119 

33 

42 

562 . 

0.026 

73 

85 

570 ® 

0,080 

34 

... 4.3 

558 . 

C . 009 

74 

86 

563 ® ... 

0,040 

35 


557 © 

0,001 

75 

8 7 

572 © 

0.094 

36 

45 

559 , 

0 © 008 

76 

88 

580 a 

0,128 

3 . 1 . . . 

. 46 ... 

560 *. 

0.012 

1.7 

89 

.5 5 8 # 

0 s 012 

38 

47 

558 . 

0.011 

78 

90 

556 . 

0.002 

39 

48 

559 © 

0,006 

79 

91 

600 . 

0.220 

40 

49 

560 ® 

0© 007 

80 

. 92 . 

. 577 , 

Os 098 



a = 15 ° p = -5° 5 e - +14-° 8 r = +20° 

MACH REYN/FT REL 

7® 40 1..03E 06 1, 09 E 06 


CHANNEL 

T/C 

TEMP 

QW/QS 

CHANN 

. ;i _ 

1 _ 

5.9.1* 

_0®Bi>3 

. - 41 

2 

2 



42 

3 

3 

- 

- 

43 

- - 4 --- • 

4 

56 9+ 

0.191 

44 

5 

5 

555, 

0,042 

45 

6 

6 

- 

- 

46 

JjL .... 

7 _ 


Q.076- 

4 7 

8 

8 

552. 

0.052 

48 

9 

9 

550® 

0,007 

49 

10 

10 

553® 

C, 038 

5C 

11 

11 

552. 

0.039 

51 

12 

12 

549. 

0.003 

52 

13 « 

11. 

. . 550* 

. 0, 006 

53 

14 

14 

553® 

0,052 

54 

15 

16 

552. 

0.019 

55 

16 

17 

551® 

0.02 7 

56 

17 

18 

551, 

0 o 0 28 

57 

13 

19 

552® 

0 o 0 34 

58 

la _ 

20 

S51* 

0 • 0 1 4 

_ .69. . 

20 

21 

551. 

0.006 

60 

21 

23 

551, 

0, 026 

61 

22 

24 

552, 

0.029 

62 

23 

26 

551. 

C. 003 

63 

24 

28 

551. 

0.024 

64 

25 

32 

551, 


65 

26 

33 

559® 

0, 124 

66 

27 

34 

552. 

0.028 

67 

28 

35 

550. 

0.002 

68 

29 

36 

550® 

Oo 004 

69 

30 

37 

551® 

0,025 

10 

.11 

38 

554. 

0*053 

11. 

32 

41 

551. 

0.022 

72 

33 

42 

553© 

0e0 32 

73 

.. 34 

4.3 

552, 

0,019 

74... 

35 

44 

550. 

0.001 

7 5 

36 

4 5 

551. 

0.004 

76 

37 

.46. 

551® 

0, 012 

77 

38 

47 

550. 

0,012 

7.8 

39 

48 

550. 

0.006 

79 

40 

. 49 , 

552, 

0,010 

80 


TEST NO , 


106 


RUN NOo 


QS TWSPH PT TT RSPH(FT) 

Go 08 5 7 8® 250 ® 1502a 0.QC6 


T/C 

TEMP 

QW/CS 

50 

55jOu 

G.*jQQ2 

51 

551, 

0,007 

52 

550, 

0,004 

53 

5 50. 

0 .0 

54 

550. 

0 .0 

55 

551, 

0© 0 

56. 


(UQ04 

57 

551 . 

0.003 

58 

550. 

0.0 

59 

551a 

0,0 

60 

573, 

0,400 

62 

555. 

0.067 

63 - 

3 5 3 * 

Q #038 

64 

552, 

0,024 

65 

558, 

0,065 

66 

5 53 © 

0*020 

67 

552. 

0.010 

68 

551o 

0 © 004 

69 



70 

576. 

0.194 

72 

565. 

0.115 

73 

555, 

0,063 

74 

554, 

0 o 0 40 

75 

557. 

0.040 

76 

. .. 5 65 

0 .1 29 

77 

565© 

0,122 

78 

570, 

0® 152 

79 

553, 

0*020 

80 

552'. 

0.010 

81 

551, 

0, 0C2 

82 

5 89 q, 

. Oo 231 

84 

5 74# 

0.142 

8 5 

561 # 

0.091 

8 6 

. . 5.5.6..® 

0,046 

87 

556a 

0,036 

88 

572.# 

0.129 

,8.9 

.553. n. 

0,020 

90 

552, 

0,007 

91 

587® 

0,230 

92 

567. 

0.091 



33' 


(\j 

CX! 


O! 


3. 

DC) 


43 

O 


o 

o 

OJ | 

+lj 

II 

ti 

SO: 


o 

jdri 

r-i; 

HH 


0 

«©; 


Ilf 


o ; 
6X1 


II) 

d 


LL 43 

O 

X o 

Q_ 9 

A O 


43 

o 

UJ 
-J A 
UJ ro 

cc 4 


■v UJ 

x a 
> m 

LU ® 

DC *4“ 


O 
X >4“ 
U @ 

< f*— 



m 









































CC 








































I— 

>4 

LO 

A 

>4 

<XI 




xt 

r-4 



r-« 

m 

fC 

I s - 

43 


rH 

43 


CO 

CO 

xf 0^ 

CXi 

0 s 

r-4 

43 

LA 

43 

04 

0 

CM 

00 

0 

A 

ro 

CXi 

43 



r-4 

3 

C 

O 

0 




G 

O 



O 


4 

cm r- 


rH 

O 


O' 


so m 

43 

04 

04 

XT’ 

CXI 

04 

O 

CXI 

Xf 

0 

XT 

m 

CM 

CXI 0 

rv 

€A 



X 

c 

O 

0 

O 

c 

O 

G 

O 

O 

O 

>r 

O 

C 

0 

0—! 

a 

O O 

C 

0-4 

*—4 

0 0 

rH 

cH 

c— G 

0-4 

O 

O 

O 

04 

0r*S 

0 

C7 «*“* 

pH 

di 0 

fX! 

©j 



X 


© 

© 

© 

© 

© 


© 

® 

© 

© 

© 


© 

0 

© 

© 

© 


> 0 

• 

• 0 

0 


© 

© 

© 

© 

m 

0 

# 

f 

«< 

# 

0 

0 # 

# 

« 



3 

a 

O 

O 

O 

c 

O 

C 

O 

O 

O 

0 

O 

c 

0 

0 

0 

O 

O 

c 

0 

O 

0 

0 

O 

c 

O 

O 

O 

O 

O 

0 

O 

0 

O 

e 

O 

d 0 

O 

0: 

h~ 

r- 

ih 








































CL 

0 










































CL 

4 

® 

© 

© 

© 

© 


© 

© 

© 

© 

© 


© 

© 

© 

© 

© 

< 

> © 

® 

© 0 

© 

« 

@ 

m 

© 

© 

© 

Si 

0 

® 

ss ; 

© 

© 

4 # 

0 

© 



21 

sC 

43 

43 

LA 

LA 

<fr 

43 

LA 

LA 

xf 

I s - 

xf 

O’ 

0 

IA 

0 s 

r- 

43 

4 

CXI 

CXi 

>t CXi 

LA 

m 

O' 

r— S 

O 

«— « 

LA 

43 

43 

A- 

cn G 

m 

Oi LA 

P- 

sf ; 



LU 

LA 

A 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

O' 

<3 

If 

LA 

O 

LA 

LA 

LA 

LA 

0 

co 

42 43 

CO 

CG 


0 s 

43 

43 

LA 

cxi 


A* 

43 

co 

0 

a: a 


CO 


© 


If 

LA 

LA. 

LA 

LA 

LA 

IP 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

4) 

LA 

LA LA 

LA 

LA 

in 

LA 

IA 

in 

in 

43 

in 

LA 

IA; 

A 

A 

A A. 

43 

A 

X 

m 









j 






























CL 

0 








































00 

43 








































X 









































h~ 











































O 

X 

O 

i rH 

<\J 

m 

Xf 

LA 

43 

1 r*- 

CO 

CO 

O 

CXI 

& 

>4 

LA 

43 

r- 

CO 

a 

t. O 

04 

m xf 

LA 

■43 

! f— 

00 

( 7 * 

0 

r — 5 

CM 

| 4 ” 

LA 

47 


03 

d O 

rH 

oa 



f— 

A 

LA 

LA 

LA 

LA 

LA 

LA 

| LA 

LA 

LA 

<3 


< 

43 

43 

43 

43 

43 

4 

| fw 

h~ 

M f*— 

r- 

r- 

: 

r- 

fSr 

CO 

00 

m 

| CC 

CO 

07 

03 

03 

cot 0 

0 s 

0 ^; 


0 





































1 




CM 





































\ 



1/3 

© 

-J 







































3 

xf 

LU 




















1 

i 




















O' 

X 









































X 

H 

> CXI 

m 

xr 

LA 

43 

H 

1 <30 

0 s 

O 

H 

CM 

m 

Xf LA 

43 

r- 

ao 

O' 

\ 0 

rH 

csj m 

xf 

A 

! 43 

r- 

00 

co 

0 

(T— ^ 

1 C\S 

m 

xr: 

A 

43 

H co 

O' 

Oi 



<r 

4 1 

f <r 

>4 

vf 

<4- 

>4 


1 xf 

xT 

LA 

LA 

LA 

LA 

IA LA 

IA 

LA 

LA 

LA 

i 0 

4) 

43 43 

43 

43 

1 sO 

43 

43 

43 

0- 

|KJ 

: I s - 

A- 

p^; 

f*- 

A“ 

fW f*» 

A- 

CO 


oo^ a? h- Lrj^4>oococM43oco 

O ^ oom htirc^rooOccN(\i(\jfn 

s o 3 o qooooooooooo 

1X4|| #®6 0®®&©®4oo®®© 

o O oo qooooooooooo 



A 

K 

m 

4 - 


A 

m 

04 


A 

41 

; xf 

fO 

O AJ 

A 

xf! 

f A 

43 

xri; 

O 

CX! 

CM 

0 

04 

«N 

CM 

m 

O 

0 

A! 

LA 

! CM 

xf 

m 0 

O 


[ 8 ®«X 

O 


O 

O 

a 

0 

0 

O 

rH 

0 

a 

0 

O 

<d 

: O 

O 

a 0 0 

a 

1 O 

■O 

O’ 

© 

0 

0 

0 

® 


O 

© 

« 

• 

© 

d 

i # 

« 

0 0 

SI 

■■* 

1 0 

,;0 


O 

O 

a 

0 

0 

a 

O 

0 

a 

0 

O 

0 

! O 

O 

0 

0 

O 

0 

f Q 

O 

O; 




CL 

j 

» ♦ 

© 1 

> ® 

© 

© 

© 

• 4 

^ © 

© 

4 

© 

© 

< 

^ © 

© 

© 

@ 

© 

© 

© 

© 

«i 

© 

0 

©j 

r*4 

i © 

® 

0 0 

© 

« 

! 0 

O 

*; 


4> 

X 

43 

1 43 

co ca 

1 43 

O 

4? 

A 

0 H 

5 m 

0- 


A 

43 

cC 

1 A 

A 

A 

A 

A 

A 

rH 

43 

A 

43 

A 

: 43 

CO 

a a 

43 

xT 

in 

m 

CO: 

O : 

Q 

LU 

N 

i S 1 00 

A 6 Lfi 

i A 

A 

A 

A 

a irj 

i 43 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

r- 

A 

A 

A 

A 

vO 

I A 

A 

43 : A 

A 

A 

S A 

A 

A; 

in 

| LL 

h— 

42 

1 A 

A LA 

i A 

A 

A 

A 

A LA 

i A 

A 

A 

A 

A 

IT 

i la 

A 

A 

A 

A. 

A 

A 

A 

A 

A 

A 

A 

| A 

A 

ur\ a 

A 

A 

| A 

A 

A- 


o I 

\^(Njro4invoHaDaoH(\jffixfvO 


< 

X 

o 




N 03 o a 

-s , — 9 Osl 


f-s rn ^ v£) co N 

cm cm cnj cm cm rH 


m in 43 h- co| *h ext m if* 43 h^ ao crv 

m m m m m m[ ^ 4 “ ^ xf xf xT; 


o ^ <xj m 4* in 4) 

-5 H H H H 


i i 

j ; j 

COoio^cv4^4iri'ONaDO'OHNfn4"^^ N 43 O' O 
r~§ r-4 cm cm aj cm cm n c\s cm cnj rsi m cnj m m m* m cm ml m m >4 



a = 20 

0 

P - 0° 6 e 

= o° s r = o° 



TEST NO. 

106 RUN NO. 59 

MACH 

7.4.0... 


REYN/FT 
.6..82E 06 

REL 

7o 23E 06 

QS 

10 2.46 


TWSPH PT 

624, 1487 

TT RSPH ( FT > 

. 1406. 0.006 

CHANNEL 

T/C 

TEMP 

QW/QS 

CHANNEL 

T/C 

TEMP 

QW/QS 

- 1 . 

L 

„ „ 642©, 

Q. 806 

41 

5Q 

551* 

Q*-Q{32 

2 

2 



42 

51 

552. 

0.006 

3 

3 

- 

- 

43 

52 

5 51* 

0.002 

--4- 

4 

602* 

0.2 38 

44 

53 

551. 

0.002 

5 

5 

5 55® 

0.026 

45 

54 

551. 

0.002 

6 

6 

- 

- 

46 

55 

550* 

0.0 


7 

561 * 

. _ Q^IQI 

_ .47 

56 



„„ . 

8 

8 

552. 

0.036 

48 

57 

551. 

0.001 

9 

9 

- 

- 

49 

58 

551. 

0.001 

10 

10 

5 58. 

0.050 

50 

59 

550. 

0.001 

11 

11 

552® 

0.027 

51 

60 

593. 

0.351 

12 

12 

553. 

0.028 

52 

62 

566. 

0.081 

„ 

13 

55ft # 

0® 052 

5-1 

6X 

565® * 

0.070 

14 

14 

558. 

0. 105 

54 

64 

558. 

0.052 

15 

16 

551. 

0. 012 

55 

65 

559* 

0.037 

16 

17 

552 ® 

0® 024 

56 

66 

5 54© 

0*017 

0.010 

17 

18 

554. 

0.033 

57 

67 

553. 

18 

19 

552o 

Oo 0 23 

58 

68 

552. 

0 .005 


20 

5 50. 

Q,QQ6 

aq 

A9 

55Q„ 

Q*Q01 ___ 



20 

21 

550. 

0.006 

60 

70 

594* 

0.165 

21 

23 

554. 

0.024 

61 

72 

579. 

0.118 

22 

24 

552. 

0.0 1 1 

62 

73 

565 , 

Q .072 

2 3 

26 

552. 

0.007 

63 

74 

562* 

0.058 

24 

28 

555. 

0.023 

6 4 

75 

565* 

0.077 

25 

3 2 

585. 

P.Q29 

6iL . 

76 

582. 

0.134 

26 

33 

569® 

0. 119 

66 

77 

582. 

0.132 

27 

34 

552. 

0.017 

67 

78 

5 88® 

0. 143 

2.8 

35 

550* 

0*001 

68 

79 

553* 

0.012 

29 

36 

552. 

0®008 

69 

80 

553. 

0.011 

30 

37 

556 . 

0 ©045 

70 

81 

551 , 

0.004 

31 

38 

_ 562 . 

Qf - Q 36 . 

71 

a? 

609 . 

0*189 

32 

41 

558 . 

0*088 

72 

84 

595 . 

0.135 

33 

42 

559 . 

0.033 

73 

85 

572 , 

0.101 

3:4 .... 

43 

551 . 

0*008 

74 

, 8 . 6 ..... 

561 , 

0.054 

35 

44 

551 . 

0.004 

75 

'■87 

563 . 

0.066 

36 

45 

552 . 

0.006 

76 

88 

577 , 

0.122 

. 3.1 

, 4:6 

5 55 c 

0 a .. Q 66 

77 

.... 8 . 9 ..... 

.....' 

0,008 

38 

47 

556 ® 

0.032 

78 

90 

555 . 

0.022 

39 

48 

555 . 

0,036 

79 

91 

586 . 

0.177 

40 

49 

555 ,. ... 

0,012 

80 

92 

560 . 

0,038 



35' 


m 

fC 

i 

00 

co 

m 


1 •“* 

(\i 

4* 

oo 

00 

0- 

1 in 

O 

OO 

CD 

in 

r\ 

i m 

in 

m 

9-4 

o 

O' 

\ 

r- 

m 

*-4 

f- 

00 

LA 

fO 

in 

co- oo 

O 43 

43 

4* 

4> ; 

i-0 

C 

* o 

o 

o 

o 


CJ 

o 

o 

00 

cr* 

ac 

i o' 

o 

9 — J 

o 

o 

c 

> 43 

4 

O' 

03 

h- 

4 

m 

in 


9-4 

o 

CD 

4 

9-0 

so m 

o 

o 

9—4 

<3 

m 

V, 

c 

s o 

o 

o 

o 

c 

o 

C’ 

a 

m 

o o 

I o 

H 

o 

o 

e 

a 

1 »—• 

9-4 

o o 

o 

9—4 

9—4 

9-4 

a 

o 

o 

iH 

9-4 

9—4 

Q O 

®-4 

a 

c 


o 

JC 


* © 

® 

♦ 

© 

@ 1 

® 

© 

• 

• 

• 

€ 

> © 

G 

© 

® 

© 

< 

S- ® 

® 

© 


• 

0 

0 

o 

© 

• 

® 

€1 

© 

® 

© ® 

® 

« 

! 0 

® 

© 

a 

c 

1 o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

a 

i O 

o 

o 

o 

e 

a 

1 c 

c 

o 

o 

o 

a 

o 

O 

o 

o 

o 

o 

o 

o 

0 

0 

o 

o 

o 

o 

o ; 


i ' : . i : : 

° ® ® O ° ©00® © O 4 ® ®©0©@©0© 0 ® © * 

!^HHMnrni Ste NrnM^QM00<3inNdiA«OfninHrfia‘0 , 'sO^inH^>0«-4 

LT\ LT\ LH QDsT) s/l LA n lA LA LT\ fh fTl vTI vA (Tl m 1A1A ir\ 5 rt\ {*— .A vf( g»*_, s^i irf-% rr> 


Cl. ® o © ® © ® ®®®0®$©©® @ ©4®®©©®4©© # ®©©®®©i©©q®©®: 

x rvj cm ^ .-j o !^^Hi s -infn^NmNfNja(Ni03<3inNcc|iAOfnin^rf10 s 0 , 's0^^4mN0^ 

uj irf in in m in in jtinintnoD'0<|ir\^imAinuiO'co^'CN£>cdco(MAiAiriH^f s *'Q N 0^^^®0 ; 

i- yq ifMTi in ir\ m innnu%inuiinu^inu^iniriinnininininjinu^ininun43jninininininj8Ainin 


a I ! I j ! 

^c3^^fr)xtinvd^ooa»ocgni^in^f^cooi 

i-.iAinininininirjininin434)434)4343434)43 


oe\jrn>tiriv4^ooc^ 


o h -t m vO> co O h (v 

COCOGQjCQCOCOCOOCCO|a'0'0' : 


Z!9^corn4n43H®0'0^coH4insoi^aooo^AJrn4inj4)?^coc^o^< > ocn4in43MQo<>0 

<444444444ninnirjinninininin4343434)4343j43434Sv0?^HP''“^^^*-^H^i , **“C© 



06 

00 

rs 

m O' 


4 4" 

O' 

in in <\ 

o 

co 

cvi 

c 

ro 


in 

co 

oo 4" 

o 

ai 

o 

4 



43 

CO 

m 

in o 

4 

0 s1 

4) 

43 

m 



a? 


00 —1 

Ov 

C0 «—4 

43 

og oo IT 

CO 

o oo 

in 

00 

c 

c 

4 


o 

4 

41 

oo 

9—4 

a 

e 

4 

q 

4 

o o 

O 

001 

00 

9-4 

4 


yj 

v. 

O] 

oo o 

9—1 

o o 

o 

o o c 

o 

o 

a 

o 

O 

c 

o 

O 

O 

o 

o 

a 

i—4 

o 

a 

o 

o 

H 

o 

Q O 

o 

o 

o 

o 

O 

-j 

O 

3: 

« 

1 I 1 0 o 1 

1 4 

1 ® 0 

0 

• • <j 

> © 

© 

« 

© 

© 

4 

> • 

© 

© 

® 

0 

3 

• ® 

® 

© 

® 

© 

3 

• i 

1 a • 

© 

0 

0 

© 

• : 

UJ 

a: 

o 

0 

a 

q 

j 

i 

\ o o 

q 

I 

! o o 

a 

o o q 

1 

■ o 

o 

o 

o 

o 

a 

I o 

o 

o 

o 

0 

Q 

o 

o 

a 

o 

o 

o 

O O 

o 

a 

o 

O 

O 




CL 

<1 


© 

© 

4 

© 

© 


& 

® 

« 

© 

© 

© 

• # « 

® 



« 

© 4 


@ 

® 

© 

© 


© 


© 


© 

© 

© 

® 

® 


43 

s: 

Q 


t-i 

9—1 

ov 

o o* 

O' 

o 

o 

9 - 

m 

O' 

a 

in O' 9 - 

CM 

4 

O' 

CM 

in ir 

r- 

CD 

9-4 

CM 

oo 

rq 

r- 


»— • 

OO 

CM 

4 

crv 

in 

m 

i— * 

O 

LU 

4 

1 


n 

1 43 

m 

4 m 

in 

in 

IT 

in 

4 

in 

in 4 it 

in 

in 

4 

in 

.in in 

43 

4 

m 

in 

in 

43 

in 

i 

m 

in 

in 

in 

in 

in 

43 

uu 


1 — 

43 


43 

in 

in 

in 

m 

m 

in 

in 

Lf 

in 

in 

in 

in in ir 

in 

in 

in 

in 

in in 

in 

in 

in 

in 

in 

m 

in 


IA: 

in 

in 

in 

n 

n 

in 

x> 

yji 





































z 

9-4 





































> 

43 





















1 
















UJ 

0 



























| 






i 




QC 

43 

o 















CC O' c 





1 






i 

1 












X 

9— 

1 OO 

m 4 

in 

L 

9 

! 00 

o 

o 

9— S 

oo Of 

i 4 

43 


i 9—4 

cn 

4 

43 

oo N 


4 

m 

43 

h- 

co 

9—4 

co 

m 

in 

43i 


CO 

O' 



h- 








9—1 

9—4 

r—4 

q 

1 9-4 

9—4 

9—4 

r-4 9—4 f\ 

i <n 

oo 

oo 

oo 

<M rrj 

cn 

m 

cn 

m 

co 

H 

4 

4 

■4- <J- 

4 

4 

4 

4 

4 


oorn4invO?qcoO'0^nJcn4in4>o-cDa^o^oocn4ini43h-cDO'0^cMcn4in43Mqoo'0 

H^HH^^^^^H^^Nnirgr^njrNjrsjogrif^fnfnrn^romirsrn^ 


TEST NO 


3 


a = 30° p 


0 ° 



0 ° 



10 6 RUN NO. 


MACH REYN/FT REL US TWSPH PT TT RSPH ( FT 1 

7.40 9.83E 05 1.04EQ6 48,72 581. 239. 1500. 0.0^6 


CHANNEL 

T/C 

TEMP 

QW/US 

CHANNEL 

T/C 

TEMP 

QW/CS 

1 

1 

5B0® ....... 

jQ*X ES- ^ 

41 

. 5G 

545 .* 

0*002 

2 

2 



42 

51 

612© 

GoO 

3 

3 

- 

- 

43 

52 

543© 

0*0 

4 

-4 

5 53. 

0*313 

44 

5 3 

54 4 ® 

0*0 

5 

5 

535© 

Co 015 

45 

54 

544. 

0.0 

6 

6 

- 


46 

55 

544© 

0*0 

i ; 

2 


. — 

47 . .. 

5h . 

544^ 

CU0Q4 

8 

8 

534. 

0.0 33 

48 

57 

5 44 © 

0.001 

9 

9 

532. 

U© 008 

49 

58 

545. 

0.0 

10 

10 

540© 

0© 083 

5C 

59 

5 44© 

QoO 

11 

11 

534. 

0.025 

51 

60 

558© 

0,326 

12 

12 

532. 

0.013 

52 

62 

549 o 

0.095 

X3 

13 

5 3 3 ©• 

Oa 0 2H - - 

5.3 

63 

548.® 

0^05B 

14 

14 

5 34© 

0© 0 32 

54 

64 

546. 

0 © 0 3 6 

15 

16 

534* 

0.005 

55 

65 

546© 

0® n 26 

16 

17 

534© 

0.013 

56 

66 

545 © 

0.007 

17 

18 

539 0 

0*060 

57 

67 

545. 

0.003 

18 

19 

536© 

0 o 0 2 1 

58 

68 

544o 

0*001 

19 

2Q 

_ . 53ii^ 

0*003 ... 

59 

£9. 

S 44* 

0,0 

20 

21 

536. 

0.005 

60 

70 

560. 

0.176 

21 

23 

54lo 

0© 052 

61 

72 

560. 

0 . 158 

22 

24 

538© 

0*017 

62 

73 

551. 

0. 100 

23 

26 

538. 

0.003 

63 

74 

549© 

0*067 

24 

28 

543. 

0.048 

64 

75 

547. 

0.0 30 

25 

32 

544. 

0*0 50 ... 

65 

76 

559. 

0.157 

26 

33 

549© 

0© 111 

66 

77 

557© 

0 e 1 42 

27 

34 

541. 

0.011 

67 

78 

562© 

Oe 159 

28 

35 

542. 

0.001 

68 

79 

544. 

0.008 

29 

36 

542© 

Oo 005 

69 

80 

545. 

0.006 

30 

37 

545* 

0,046 

70 

81 

544# 

0,0 

11 

3JL .. 

_ 5.4.8a. 

0.Q67 

_ _7J _ 

82 _ 

58-9.® - 

— Q ^ 1 .1 8 5 . — ..... 


32 

41 

546# 

C # 040 

72 

8 4 

563. 

0.148 

33 

42 

547® 

0*045 

73 

85 

554. 

0.119 

34 

4.3. 

.5.4.4# . . 

0*002 

74 

86 

549© 

0*067 

35 

44 

544* 

0.000 

75 

8 7 

547. 

0.031 

36 

45 

544 # 

0.C03 

76 

88 

554 « 

0 . 096 

3.1 

46. . .. 

5.45.11 

00:0,24 

77 

. 8.9 . .. 

54*4 m 

0 * 0.Q6 

38 

47 

546# 

0*037 

78 

90 

545. 

0.014 

39 

48 

546® 

0.017 

79 

91 

553® 

Os 1 55 

40 

49 

. .547# 

0.022 

80 

92 

548. 

0 .0 30 



37 


oi 

Q c\ 


vo! 

oi 


OOj 

UJ; 


O 

O 


®C : 


O I 

ol 


0 

SOI 


o ! 

Oj 

ft! 

i 


LL sO 
CJ 
X o 

Cl « 
00 O 
ac 


o 

CM 

in 


CO 

a- 

Cl 4* 


x a 

a. 

00 sO 

3: 


Cr> 

h- 

00 • 

O’ o 

sO 


sO 

a 

OJ 

«J N 

UJ *— <t 

a: 4 

CM 


O 

O 


X o 
> a 

UJ © 

aC eg 


I 


oo mi 
o a 
^ Q 
J£ 4 

a d 


CL 

UJ sfri 

i— in 


OO'OO'OQON'QO'^^OOOOCD 

'Oa>o(Mifig-'Ooooaa(nNNna' 

^aoo^r-ir-4ocooio*--*o 
OOCOOQOOCDjoOOCOOiOOO 


CM n# CM NlAfOgtKh'OOg'MdN 

O QO o^O'inrnrgaOoph- 

eooooQooornoooooooq-^^^oo 

o©<&o©0ooQ©©e®o®®©^oo o © © 4 

oooaodocdaoaooaoodooa 


3 : 


sOi 4“ ao 
Of «-4 Sf mi 


u 


© O 0 

f\j in sO 

4- 


in >o o 


® © © o 

no in oo h- in rg 


<® 0 

H 


«— « sr sf 4~ 4" 4" ^4’4)^ifiijniri>fsr'jsf!r , *'0 u) ua 

vninininmirimininin. ininmmirjmin.ininininmin 


o _ 

4- 4- 


• 4 


o 

© 


o 

© 

« 

> © 

© 

* 

• 

• 

cj • 

• 

® 

© 

« 

4 m 

t 

• 

«— 4 

cp 

Ch 

4 


cc 

1 CD 

CM 

43 

P- 

o 



gh 

o 

CD 

ini I s * 

h* 

•Hi 

I s - 

43 

n 

in 

in 

< 

! -o 

I s - 

4 

4* 

gr 

m is. 

vO 

uni 

in 

O 

4" 

in 

in 

in 

in 

n 

in 

in 

in 

i in 

in 

n 

in 

n 

inj in 

n 

m 

m 

in 

mj in 

m 

in 


h (\j n g- in vq 

in in m in in in 


r-ooc?o(Mcrj^^Ndhccoi 

tnsninNO'OvOvogOvO'CsOvCj 


i | 

Npn^inoH^O'O H.fg re) g* in >0 h. oo ert 

<4t'fg*g-g-g*^g-g-iri^Ln^tnie mm m iri 

X I ! 

U I ! 


oo <3 

of oi 

"v fS 

3: 

a a 


m in 


o <m m 4- m 

e- I s - fS I s - p— 


i n- co cf 

» p- p— p-* 


o ^ 

nO -o 


cm ro <r 

>£K) O 




<3 P- GO 
vO nO 42 


0^nj^t^Avnr^ci5CNOr*it\l 

cocoeqcocBascDcocojo^Q^a* 


o o 

vO r* 


cm m 4 in vO H 

P*. f«w jSH 


4 i i 


m o 

@ 

o o 


n* 4“ 
CM 


in4-OLninooOfMinincM<Mijritnror*-moo4tr-MOOM“cx5asfn^sMQrsiodvO 

^(OHC0Nr4fng'OHsCrgqcinHog*inHr4OO't'at^GOOW4‘ 

^ooQoo 0 ocpooqoocjooc)Hocioocfoodoo^o : oo 

* • I 4 # ®^©®40©®®©<i®®bo®4o©®®@d®®ci 

d Qoooooaooooodooooo- ^ 


v w o w %g v m m w 

ooaoocfoooooojooa 


S I 


» © 
CP 43 
VO vf 

in m 


4 


• ®®©®4©>®4e® 

mcMCM^rOsHi^m^a'inni 
4 - 4 *in 4 - 4 ' 4 f 4 - 4 - 4 f 4 “ 4 - 4 { 
mintninintninininininin 


o 


HNrciNtinsoHflOO'OH^ng'vOivco^d 


Oi 



[ 

SOj 

o 



i x 


-j 


If J o 

# 

UJ 


< 


X 


d | x 


2 H 

i cm m <f* in o r* 



< 1 




X 




u 



#®0©®4®®®©#d 
coaMrimootNvO^in^ir,; 
4‘4'44"in4fin4-4 4 4-intAi 

mmmmminininmtntnin| 

i | ; 

: ! 


_ ^ m 443cnr\|m4in43f s -GQi 
r4cM(Mn|rgrgrnmmrnrnmmi 


cm co in in 4> <r4 **$ «**i <—i 

inn 4* 4 st 1 '. mi in in n 

in in uS in un in! n n in 


h eg rn ^ iri sDi h- ao 

4 4 -4" 4 4 4 4* 4 


>t^NOi v oDOiCH(NicONttrt'OhcOooHNfn'tiA N qd ^ q 
cm cm <M pm cm <M cm cm N cm m no m cn m rn ; mj myifn 4 



a = 30 

° P 

* 0° 8 e 

= 0° 8 r = 

MACH 

REYN/FT 

REL 

7.40 

2. 

89E 06 

3.06E 06 

CHANNEL 

T/C 

TEMP 

OW/QS 

1 

1 


Pa 772 

2 

2 



3 

3 

- 

- 

4 -- 
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50 - 
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52 
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565 c 
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33 . „ 

63 
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54 

64 

558. 
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55 

65 
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56 

66 

551© 
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57 
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58 

68 
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0.004 

.59. - . 
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60 
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61 

72 
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62 
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a = 30° § = o° 


5 e a - n o 0 8 r = ± 13 ° 

MACH REYN/FT REL 

7.40 3o 9 6E 06 4, 2CE 06 


CHANNEL 

T/C 

TEMP 

QW/QS 

1 

J 

.ikM® 

...0*755 

2 

2 



3 

3 

- 


. 4 ■ • • • 

•• 4 

62 2® 

0© 315 

5 

5 

553© 

0© 0 1 7 

6 

6 

- 

- 

j 

_Z~ — 



153 

8 

8 

553© 

Oo 0 37 

9 

9 

5 50® 

0 o 013 

IQ 

10 

565^ 

0^086 

ii 

ii 

552® 

0.027 

12 

12 

553© 

Oo 024 

... IX 

13 

557-3. ...... 

Q*04X 

14 

14 

558® 

0 a 044 

15 

16 

551® 

0.007 

16 

17 

55 2 o 

0 © 013 

17 

18 

560© 

Oo 064 

18 

19 

553® 

0.022 

XX 

.20. _ 


Q«QQ4 

20 

21 

552® 

Oo 004 

21 

23 

559© 

Co 0 54 

22, 

24 

551. 

0® 020 

23 

26 

552. 

0.002 

24 

28 

559© 

0,048 

25 

32 

. 557 * 

— 0*054. 

26 

33 

570. 

0.114 

27 

34 

552. 

0.008 

28 

35 

551© 

0®000 

29 

36 

552. 

0,003 

30 

37 

560® 

0® 048 
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.-.5-65.® ... ... 

... 0*069 

32 

41 

561 © 

0* 0 44 

33 

42 

567© 

0© 091 

.34 

43 

5.52 «... 

0.002 

35 

44 

552. 

0.002 

36 

45 

552. 

Oo 001 

_ 3.1 

4.6 

553m 

0© Q 30 

38 

4 7 

570® 

0.123 

39 

48 

560. 

C. 020 

40 

49 

563* 

0© 0 36 
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T EST NO. 


Run no*., 16 


gs TWSPH PT TT RSPH(FT) 

93c 82 648 c 9.8.4*.. ...... 1519c 0.CG6 


HANNEL 

T/C 

TEMP 

QSn/QS 

41 . 

5J0 

553^ 

0^004 

42 

51 

553© 

0©003 

43 

52 

552. 

0.0 

4 4} 

53 

552® 

o^o 

45 

54 

552© 

0 © 0 

4 6 

55 

551© 

0,0 

. 47 

56 

553® 

0^004 

48 

57 

552. 

0.001 

49 

58 

552© 

OoO 

50 

59 



51 

60 

591. 

• ■ ■ vj 

0.322 

52 

62 

569. 

0.100 

53 

63 

565^ 

CU0.66 

54 

64 

560© 

0 o 043 

55 

65 

587. 

0.179 

56 

66 

5 53® 

Q @ Q07 

57 

67 

552® 

0 ©004 

58 

68 

552© 

0 ® 002 

59 - 

69 

550 a 

Q^Q0i 

60 

70 

596. 

0 . 170 

61 

72 

59C© 

0. 161 

62 

73 

571® 

0® 107 

63 

74 

566. 

0.072 

6 4 

75 

572. 

0.095 

6S 

7A 

SHQ, 

0*166.. . 

66 

77 

587© 

0®154 

67 

78 

594. 

0.160 

68 

79 

553. 

0.013 
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80 

557© 

0 a 0 26 
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81 

551© 

0 o 006 

1.1 
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611. 

0.1 77 
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9 «, 1 50 

73 

8 5 
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7 /. 

*7 

.8.6 

566® 

0.074 

75 
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571. 

0.099 

76 

8 8 

573. 

0.091 

77 

8 9 

550* 

0*007 

78 

90 

549® 

0.006 

79 

91 

590. 

0.169 

. 80 . 

92 

567. 

0.067 
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0 Q 5 3 
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6 8 
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31 

3ft 
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41 

551 ® 
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7 2 

33 

42 

553 . 

0.053 

73 

34 
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75 

36 

4 5 
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37 

46 ...... 
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0*028 

11 
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0.017 

79 

40 

. ..49 

.. .. 552 . . .. 

0.023 
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TE S T N O . 106 R U N NO* 23 

S TWSPH PT TT RSPH(FT) 

.22 593© 245© 1509© 0*006 


T/C 

TEMP 

QN/QS 

50 

.... 5AQ® 

0.002 

51 

549 . 

0.004 

52 

549 © 

0.0 

53 

549© 

0.0 

54 

549© 

0® 0 

55 

550. 

0 © 0 

. 56 

549. 

0*003 
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549© 

0©0 
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549© 

0.0 

59 

549© 

0*0 

60 

568. 

0.394 

62 
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0® 108 

63 - - 

554© 

0® 067 
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552. 

0 @046 
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Q® 008 
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550© 
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550. 

0 .002 
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0 .001 
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72 
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12 
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557® 
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16 
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0o004 

55 

16 

17 

555® 

0# 006 

56 

17 
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565® 
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57 

18 
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560® 

0o0 34 

58 
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, 55 5 # _ 

__ 0,003 

59 

20 

21 

556. 

0.008 

60 

21 

23 

564. 
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61 

22 
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55 8® 

0® 028 

62 

23 

26 

555 ® 

Oo 004 

63 

24 

28 

. 564. 

0.052 

64 
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3? 

562® 

0.056 

65 

26 

33 
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66 

27 

34 

557® 

0o020 

67 

28 

35 

554. 

0,001 
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29 

36 
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0.004 

69 

30 

37 

563® 
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31 
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. . . f? 7 jL ....... 

0. 087 _ 
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32 

41 
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77 

38 

47 

5 62 ® 

0 e 089 

78 

39 

48 

559 , 
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0.0 24 
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TEST NO 


106 


RUN NO 


QS TWSPH PT TT RSPH(FT) 

7.14 646. 965. 1466. 0,006 


T/C 

TEMP 

QW/CS 

50 - 

.554©-- 

G#jQLQ2 

51 

555. 

0 .002 

52 

554 0 

0.0 

53 

5 54© 

0,0 

54 

554 0 

0*0 

55 

554. 

0.0 

.56.. - 

555 * 

0 © 002 

57 

554o 

OoO 

58 

554® 

0 @ 0 

5.9 

554® 

O.C 

60 

576® 

0 © 405 

62 

575. 

0.115 

63 

.... 569 a 

0^-073 .. 

64 

563® 

0.049 

65 

578® 

0®105 

66 

555© 

0^007 

67 

555. 

0.004 

68 

554® 

0.002 

69 _ 

.55 4® 

.... Q® 002 

70 

581o 

0,201 

72 

598. 

0.172 

7.3. 

576 . 

0.110 

74 

569® 

0®073 

75 

573® 
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7 6 _ 

5B4. 

0.188 _ 

77 

584. 

0.173 

78 

591® 

0® 191 

79 

556® 

0,004 

80 

556. 

0.008 

81 

554. 

0.001 

82 

601 * 

0,243 

84 
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589 . 

0*1 44 
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... 5 . 72 , 
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87 

570 ® 
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88 

585 ® 
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, as 
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90 

555 . 

0.003 

91 

614 , 

0,204 

92 

583 . 

0,100 


a = 53° p =0° § e = 0° 
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9 

9 
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12 
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- 13 - 
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14 

14 

554. 

0.015 

15 

16 
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16 
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17 

18 

563® 
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18 

19 

555. 

C.022 
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0*003 

20 

21 
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21 

23 
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2 2 

24 

554 . 

0.020 

23 

26 
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0.005 

24 

28 
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Oo 091 

.25. _ 

3.2. 

55.9o 
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26 

33 

5 62 © 

0.123 

27 

34 

554a 

0.009 

28 

35 

553© 

OaOOl 

29 

36 

554a 

0© 0 09 

30 

37 

560. 

0a084 

31 _ _ 

38 

5.62.* 

...... il*JLJLX_ ... 

32 

41 

560a 

Oo 080 

33 

42 

560. 

0.086 

34 

43 

5.53. 

O.CQO 

35 

44 

553. 

0.001 

36 

45 

5 53* 

0© 001 

. . .37 

46. 

5 5.7* 

... Oft. 0.5 5 

38 

47 

560. 

0.103 

39 

48 

560. 

0.053 

. .4.0 

49 

559. 

0.065 


TEST NO » 106 RUN NOo 7 

QS TWSPH PT TT RSPH(FT) 

44o 18 621o 25 7o 1431® 0«DC6 


CHANNEL 

T/C 

TEMP 

a^/cs 

4.1 

5C 

553® 

0©0 

42 

51 

553o 

OoO 

43 

52 

553. 

0.0 

44 

53 

553 a 

0 © n 

45 

54 

553o 

OoOOl 

46 

55 

553o 

Oa 0 

4.7 

58 

553 a 

0 aCOl 

48 

57 

553. 

0.001 

49 

58 

646© 

0 a 0 0 1 

50 

59 

553© 

Oq Q02 

51 

60 

572. 

0.181 

52 

62 

563. 

0.134 

53 

63 

561® 

0^094 

54 

64 

558o 

Oo 066 

55 

65 

556 © 

0©049 

56 

66 

553 © 

0 aO 

57 

67 

553a 

OoO 

58 

68 

553a 

0 o o 

5 9 . . 

6 9 

553 

Q *C02 

60 

70 

577© 

0.110 

61 

72 

5 7 1 o 

0a 171 

62 

73 

564® 

Oo 134 

63 

74 

56 1 © 

0.101 

64 

75 

559 © 

0.065 

6 5 

7 6 

... ill*. 

0.185 

66 

77 

571© 

Oo 168 

67 

78 

573 © 

0,181 

6 8 

79 

552a 

0 ® 002 

89 

80 

553o 

0 o 002 

70 

81 

552® 

Oo 004 

7 1 

a z 

...5.83* 

0.13? 

72 

84 

575. 

0.157 

7 3 

85 

5 66 © 

Oo 157 

.7.4 

.8,6 

561 a 

Dal 11 

75 

87 

559. 

0,080 

76 

8 8 

6 5 * * 

0.031 

77 

89 

553* 

... OoOOl 

78 

90 

552# 

0.001 

79 

91 

557. 

0.049 

80 

92 

.. 558,. . ... 

0.047 
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TABLE II 

THERMOCOUPLE CONNECTION SCHEDULE 
DELTA- WING ORBITER 

(Test 106 : Runs 1 - 16, 18 - 26, 54 - 60, and 66) 
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TABLE III 


RUN SCHEDULE 
DELTA- WING ORBITER 


(Test 106: Runs 1 - 16, 18 - 26, 54 - 60, and 66) 



L * 0.323 meter ( 12.720 in.) 
0.006 Model Scale 
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BASIC CONFIGURATION AS PER 
NR LINES DRAWING 9992-1348. 

ALL DIMENSIONS NORMALIZED 
BY BODY LENGTH, L 

L- 0.323 meter {12.720 in.) 
[0.006 MODEL SCALE] 



.535 


BODY LENGTH 

(.000 


Figure 2. - Three-view drawing of delta-wing orbiter model with flow orientation* 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA 




T- TOP SURFACE 



(c) Wing and twin vertical tails* 
Figure 3, - Concluded* 
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Heating- rate ratio, 
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a = 15° Mqq = 7.4 


/3 = 0° 8 e = 0° 8 r = 0° 
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(c) 84.3% Exposed semispan 
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a = 30° Mco = 7.4 
/3 = 0° S e = 0° 8 r = 0° 
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Heating-rat 
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(c) 84.3% Exposed semispan 


Figure 12. - Wing bottom-surface ch 









Heating-rate ratio, q w /q 


45.6 % Exposed semispan 
M c0 = 7.4 /3--0 
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Heating -rate ratio, q w /q 


a = 30 c 


Mm = 7.4 


(3 = O' 


S e = 0° 
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!a) 7.0% Exposed semispan 


( b ) 1 6.7 % Exposed semispan 


( c ) 45.6 % Exposed semispan 
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(d) 84.3% Exposed semispan 
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